Flooding tolerant and intolerant varieties of Echinochloa crus-galli (Linn.)
Results and Discussion
We previously reported that spikelets of formosensis, an obligate weed in flooded rice, are flooding tolerant and germinate freely under anaerobic conditions such as flooding and nitrogen environments, whereas those of praticola, an upland weed of the genus, are intolerant and not able to do so. This difference in oxygen requirement at spikelet germination is one of the reasons for their habitat segregation.
As shown in Table 1 , spikelets of praticola were confirmed to be unable to germinate at all under flooded conditions, whereas those of formosensis exhibited 76% germination.
The fruits of both praticola and formosensis, however, germinated well under flooded conditions and showed 80 and 90% germination, respective- responsible for the oxygen requirement of praticola spikelet for germination is present in the outer covering of the fruits. The fruits of praticola and formosensis imbibed with water in the absence of the second floral lemma germinated in the nitrogen atmosphere of the anaerobic chamber (Fig. 1) . No or little inhibition was observed when the floral lemma were added back to the imbibition medium in air at the concentration of either 5 or 10mg (Fig. 1-A) . However, when 1mM DTT was added to praticola fruits in air, 80% of the fruits did not germinate. There was no adverse effect of the concentration of DTT alone since the fruits showed 100% germination with DTT, but without the floral lemma. The second floral lemma were inhibitory under nitrogen, compared to the controls, the germination of praticola was reduced to 85 and 40% at 5 and 10mg of the controls, the germination of praticola was reduced to 85 and 40% at 5 and 10mg of the second floral lemma, respectively. Inhibition of formosensis germination by the second floral lemma was negligible (with or without DTT) or under nitrogen ( Fig. 1-B) .
Plants This germination was inhibited, however, when the second floral lemma were added back to the imbibition medium either under nitrogen or under air along with an antioxidant, DTT (Table 1 and Fig. 1-A) . It is thus likely that the floral lemma contain an agent(s) which inhibits fruit germination under a reduced state, but is readily inactivated by oxidation. There Fig. 1 . Effect of the second floral lemma on the fruit germination of flooding-intolerant Echinochloa crus-galli var. praticola (A) and floodingtolerant E. crus-galli var. formosensis (B). The inhibitory effect of the floral lemma on fruit germination was assayed with two replications of 10 fruits by imbibing them with or without 1mg DTT (dithiothreitol) under aerobic conditions, and without DTT under anaerobic conditions. was little adverse effect of formosensis lemma on germination of its own fruits ( Fig.   1-B) , and it was, therefore, suggested that formosensis may not contain substances inhibitory to the fruit germination, or that the fruits are not susceptible to such substances even if the lemma contains them. Differential flooding tolerance of plants in seed germination has been studied from the aspect of metabolic adaptation. Crawford3 compared flooding tolerance among seeds of several species and reported that intolerant seeds accelerated glycolysis and produced a large quantity of the toxic end-product, ethanol. ADH isozymes in maize are specified by the Adh1F and Adh1S, and it was reported that the Adh1S homozygotes were unaffected by flooding whereas the Adh1F homozygotes had lower growth rates under flooding. However, the contribution of ADH isozymes for flooding or anoxia tolerance in maize was recently argued by Johnson et al.4 who showed that seedlings of Ad1 null mutant increased survival in anoxia when acclimated by a short exposure to a low oxygen atomosphere. On the other hand, Kennedy et al.6 studied the metabolic adaptation of Echinochloa species distributing in North America and found no correlation between flooding tolerance and ethanol production, ADH activity or its isozymes.
There were anaerobic stress proteins induced in tolerant seeds of Echinochloa spp. which were not detected in those of the intolerant species under anoxiae. Although it is not known whether or not these proteins are involved in the mechanism of differential tolerance to flooding.
There have been many reported instances in various plant species in which the outer covering of propagules, most of them with coat-imposed dormancy, contained oxygenabsorbing or germination inhibitory phenolic compounds, and internal fruits or seeds of many of the species were able to germinate when the outer covering was removed or under a trace of oxygen2. Our preliminary analyses of second floral lemma showed that the praticola lemma had higher oxygenabsorbing properties and polyphenol oxidase activity, and far higher content of ferulic acid and o-coumaric acid than those of formosensis (results not shown). However, the precise nature of the inhibition by the floral lemma on the germination of praticola fruits, which may be a determinant for the variety being unable to invade a flooded rice field remains unclear.
